Indol-3-ylacetic acid stimulated stem elongation within 1 h of treatment of Pisum sativum L. cv. Feltham First stem sections. This elongation was accompanied by an increase in the endogenous level of phosphocholine and a decrease in that of CDP-choline. Measurements in vitro of the CDP-base pathway enzymes showed an increase in choline phosphotransferase and a decrease in cytidylyltransferase activity on hormone treatment. These results indicate that the decrease in phosphatidylcholine labelling from [14Clcholine that is observed on indol-3-ylacetic acid treatment of pea stem sections is caused by the decrease in cytidylyltransferase activity.
Phosphatidylcholine is the major acyl lipid of non-chloroplast membranes in higher plants (Harwood, 1980) . It has been established in a number of different plant tissues that this phosphoglyceride is made primarily by the CDP-base pathway (Harwood, 1979; Mudd, 1980) . The three individual enzymes of this pathway have been studied in several cases (cf. Mudd, 1980; Moore et al., 1983) . There have also been several reports of the effects of the plant hormone, gibberellic acid, on phosphatidylcholine metabolism. In barley, large increases have been reported in the incorporation of radioactivity from [32Plorthophosphate and [(4C]choline into microsomal lipids, including phosphatidylcholine (Evins & Varner, 1971; Koehler & Varner, 1973 (Firn & Kende, 1974) . Johnson & Kende (1971) reported that gibberellic acid increased the activity of both the cytidyltransferase and the choline phosphotransferase in barley aleurone cells, and Tanaka & Tolbert (1966) reported that gibberellic acid decreased the activity of choline kinase in spinach and squash leaves. In contrast, a recent study showed that gibberellic acid treatment caused a decrease in the total amounts of wheat aleurone tissue phosphatidylcholine by increasing its degradative rate (Mirbahar & Laidman, 1982) .
We have studied the effects of indol-3-ylacetic acid on the synthesis of the major phospholipids of an auxin-responding system. We chose to use the third internode of post-germination pea seedlings, since auxin effects on such preparations have been well characterized (Evans & Ray, 1972) , it is rich in phospholipids, particularly phosphatidylcholine and Vol. 216 phosphatidylethanolamine (Harwood, 1980; Hitchcock & Nichols, 1971 ) and some information is available on phospholipid synthesis in this tissue (Montague & Ray, 1977) . We observed that, whereas indol-3-ylacetic acid stimulated stem elongation, it inhibited the incorporation of radioactivity from ['4C]choline into phosphatidylcholine within 1 h of treatment (Moore et al., 1983) . Abscisic acid reversed these effects. No effect of indol-3-ylacetic acid on ['4Clethanolamine incorporation into phosphatidylethanolamine or of [14C]-acetate incorporation into lipids was observed. The amount of phosphatidylcholine on a fresh weight basis was also decreased by indol-3-ylacetic acid treatment of stem sections (Moore et al., 1983 (Moore et al., 1983) .
After treatment, stem sections were homogenized in 0.32M-sucrose/2mM-Tris/HCl (pH7.4) using a pestle and mortar. The homogenate was filtered through two layers of Miracloth and fractionated as described by Bolton & Harwood (1977 pounds were separated using 0.6% (w/v) NaCl/ methanol/NH3 (10:10:1, by vol.) as solvent (Choy et al., 1977) . Choline and phosphocholine markers were visually detected using Dragendorff reagent (Beiss, 1964) and CDP-choline marker using u.v. light. Compounds were eluted from the thin-layer plates using 0.1 M-NaOH. Choline and phosphocholine were determined in the eluates by the method of Barak & Tuma (1981 
Results and discussion
It is generally thought that the cytidylyltransferase is the rate-limiting step for phosphatidylcholine synthesis in mammalian tissues (Vance & Choy, 1979) . However, in certain cases it is also possible that the phosphotransferase may play a regulatory role (e.g. Oldenborg & van Golde, 1977) . These conclusions were reached from an examination of the relative activities of the three enzymes of the CDP-base pathway, the size of the pools of metabolic intermediates and the correlation of changes in enzyme activity with the accumulation of phosphatidylcholine (e.g. Vance & Choy, 1979) .
Because of the inherent difficulty of extrapolating enzyme activities that had been assayed under optimal conditions in vitro to situations in vivo, we examined the pool sizes first. As shown in Table 1 treatment of stem sections with indol-3-ylacetic acid resulted in a decrease in the size of the CDP-choline pool and an increase in the size of the phosphocholine pool. This result suggested that the cytidylyltransferase step was inhibited and, possibly, also that the phosphotransferase step was stimulated.
We next examined the three enzymes concerned in the CDP-base pathway. Choline kinase is a soluble enzyme in plant tissues (Wharfe & Harwood, 1979) and cholinephosphotransferase activity is located in microsomal fractions (Lord, 1975; Moore et al., 1983) . These enzymes were assayed in the 105 000g supernatant and the postmitochondrial supernatant respectively. We tested the cytidylyltransferase of pea stems and, as in the case of onion stems (Morre Vol. 216 et al., 1970) , we found that the enzyme was found in both the microsomal (6%) and the soluble fractions (75% of recovered activity) (see the Experimental section). Accordingly cytidylyltransferase activity was assayed in the 105 OOOg supernatant. Optimal conditions were found for each enzyme, which was assayed as described in the Experimental section. However, choline kinase activity was unexpectedly low and it was observed that the reaction was non-linear with time. It was found that pea stems contained an extremely active alkaline phosphatase that hydrolysed the phosphocholine product. By analogy with the bacterial enzyme (Torriani, 1960) we attempted to inhibit activity with Pi. However, even at 100mM-phosphate concentrations we were only able to achieve a 10% reduction in the rate of phosphocholine hydrolysis. The values given in Table 2 for choline kinase are therefore likely to be underestimations of the maximal rates. However, it will be seen that, whereas indol-3-ylacetic acid treatment of pea stem sections decreased activity of cytidylyltransferase, it did not affect choline kinase activity measured under steady-state conditions. In addition, indol-3-ylacetic acid treatment had no effect on the the time course of the choline kinase reaction or on the extrapolated initial reaction rates (results not shown). Hormone treatment of pea stems did, however, result in an increased choline phosphotransferase activity (Table 2) .
The rapid effect of indol-3-ylacetic acid treatment of pea stems in inhibiting the incorporation of [14C] choline into phosphatidylcholine appears to be due to an inhibition of cytidylyltransferase activity. Table 2 . Effect of indol-3-ylacetic acid treatment on stem elongation and on the activities of enzymes involved in phosphatidylcholine synthesis in pea stems Peas were germinated and grown and stem explants prepared and treated as described in the Experimental section; 40 explants were used for stem length measurements in each experiment (about 1g fresh weight of tissue was homogenized in lOml of medium). Enzyme activities were measured in the 105 000g x 60min supernatant (choline kinase and cytidylyltransferase) or the 18000g x 20min supernatant (cholinephosphotransferase) as described in the Experimental section. Triplicate determination for fractions prepared from 40 stem sections was used in each case. Results are expressed as means + S.E.M. Significance was estimated by Student's t test for paired samples. Abbreviation used: n.s., not significant.
Choline Thus the pool size of phosphocholine was found to increase, whereas that of CDP-choline decreased. In addition, measurements of cytidylyltransferase activity showed a significant decrease in hormonetreated tissues. It is not known at present whether this change in cytidylyltransferase activity is due to protein turnover or deactivation. The possible effect of hormones in raising intracellular [phosphatidylglycerol] (Khosla et al., 1980) and so stimulating cytidylyltransferase activity (cf. Feldman et al., 1978) does not seem to be important, since the pea enzyme is not stimulated by the phospholipid (results not shown). However, the pea system does appear to be similar to mammalian tissues in that the cytidylyltransferase seems to be the key enzyme in regulating choline incorporation into phosphatidylcholine by the CDP-base pathway.
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